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<54) [KWO*#] I I I -vmz&mtmttmt^atiL&im* G a NJMs*#E£ G aN3R3*9! 



(57) [ISM;] 

ra&ga j&n-r* 1 1 1 -vrnt-smmftrntmi 

v*? 1 4 {C«t V&&Sm l 3 SrftfJISL 

fcafiR&fliv^r, =.\£#*i/vju&mz&y iii — v 

(b) , v**14.ft«S*T:7r*yh#B8&38ia 
(c) . $6>fc, 77tV S#Bt«^££t31«>$itf 

(a) . mmizsmttmmzGtz 1 1 1 -vn^ 

fe¥*Wft£W&E3ft?& (e) . 





1 

m*% i ] 1 1 1 -vm^iftfflief 
ttri^^i&^^^iHa^s^K^^s in-v« 

I I -VM^S»&77t'; h«SS€:JKttUft«« 

tzmt-tz 1 1 1 -vtt^wim 

«t*«2] 1 1 I -VM^Wxif^i/t 
t?rlB^i:^^^^B^K^M«:S IH-Vi 

I I -vmt-m&m*.7T*v hWMzm&LKw 
6d»a«, «s^*j*r««©i 1 1 -vmt^f 

##££fciqiMBv***mS:gv\ se>fcfff|B7T-fe 
v h«£&«^^T^ffi&¥S4b*5:Dgi:, tfflfiPP 20 

^5t^j?&fl^S^[Oi6(fcffia$:W1-& I I I -Vlt^ 

t-t2>m#mixte2%ffi<Di i i-vmiwt^tt 
z.aztmt't&n&Ru 2Xtt3sa«©i i i-v 

T, m&yr^v Vfflk<Mm& { l - 1 o l } ®t*& 

T, * h5-f 1-2 0>*|6j*fctt< 1 - 

I 0 0>^|^»*ifcfcW«4:-r*flf*3S4ffi«(OI 40 

I I - v^fb^fe4^*©^m 

[|»*S7] tulSSRii, MgAl 2 0 4 ®fe Si 
®fg, ZnOiS, SiCg*£, LiGa0 2 J£& 

ai 2 o 3 aHgcDVArn^i^&awistu tmi 

1 I - VJ^fltfHWWfc GaNE InGaNE 
A 1 G a Nj& InNI GaPR GaAsKCDWf 

2 Xli 3 Xtt 4 IBiECQ I I I - Vj^t-t^^&Of&R 
[ff*« 8 ] ItflB I I I - Vjfcfb^&^tttfG a 50 
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2 

¥3SflO?&oT, M*-5*a^®#^^^GaN, In 
GaN, fc£tMlGaN©e>*>4 N fc<£fc2o©;|#|Sf 

« 3 x»4 ib®© iii— vmt&mmfcv&m 
it-^mw^mct^mmLoy 1 1 1 -vmt&fo 

IB I I I-Vi^WNM*®^K:J:y|tfiE7T"fev 
h^#«*&**lT^2*l£: I i i-v^fb-^d^ 
W(ti:ft<rr*i2:««»2:+6l I i-vi£fb^4^ 

w#sii o] 1 1 1 - vmt^m^mwmi-^w^ 

<te-7rtv h^&^fifcbfc#£>/&ilLfcI I I -V 

mtmmmimmz&&m.c>i i i-v^b^ 

«^N»^rfW2:fc ! bJctlffla^^*!»«:aiv\ lulBl 

I I -v^b^fe^^©^fcj:y|tfiB7ri2y h« 

tzmt&i i i-vM^iwt^oT^ itria 

I I I - v^b-^^ftHfr e>^& < * *>memu 

•sii i-vm^wm 

D»#Rl 13 StflBS^^ffitc, itria^*^ic^t- 

si 1 1 -vmt^mmfttmvwhtox *>sw*» 
*^^wmmffli<nw=.imzm-tz> 1 1 1 -wmt 
&&&mfttmmzn. taei i i-vm^^tt 

zmLt-tzttomQtb&Mtm&i oib«©i i i 

1 2 3 g a N*^^i:fe?^»^j«a^s^» 

»Jlfcftflg«»8fiWS:DBfc, tiflBJfcBSC^CG a 
#t*/*ft«S«®G a N&^ftfcfcfclCtiEBv;**** 

1 3 3 Mf#3 1 2 KffiBSftfeG a N&tmtii 

mmmam iuibg a n^»wr^ e.^«c < t t»itr 

IBS®, v^^*m«:l8i*f6Xgi:«:*fSii:S:4* 
«fc-t* G a N^4^#K®^fifc&?£. 

[fl*«143 GaN^i^«ti:^®»^|^S^S[ 
*Wd:5S®i;, l&IBS^Ig®, fe5v>ttltflBS®±{c 



(3) 
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SfflB7 r "fe V N*mWi&&*ftT^$ftfcG a 
[ff^S 1 5 ] 1 4 fflJ&DtfflBG a N#¥?g#jg| 

1 6 ] ffi#g 1 2 V 1 3 ICfBiS© 10 

G a N&^«BI©7g#©&lC, ItflBG a N&¥3£#BI 

& 

Dftftfll 7] ffcftgl 2{Cl3*E0GaN^g#BI© 
Bfm&lZ, ItriBGaN&^miiKGaN&^tt 
^-T^^S^igfemi-Sn^i:, l&SBG a N&¥&# 

t ~ *!®®f?2> G a N**Ng#Sfc/I#3g© 

«Jfc*& 20 

UfflkZi&JG a N*¥##5&3fcf&? £ £ 

1 6, &6V*ttlt$£l 7fB«0G.aN$ft 

m#m 1 9 ] m&G a N#»3fe*?#G a n^^# 

V— \fZ-3b&Zt.*im£-tZ>m$m.l 8|B«©GaN 

, [flfrftg 2 0 ] if #31 1 4 feS V >ttN$& 1 5 ICiBifcZ) 
G a N^^^RhfCG a N*M3»ft3l&4)WHR^ 

[«#«'2 1] MF&gl 4»*V\|*||*ai 5fB^©G 
a N#¥*ttBLhfCG a N*^«^?0^S«Bi^ 
j£3*u WEGaN*i|HIWMII^65l>*<i:%»«&EK 

M*3U 2] StfSBG a N^^#m?t*> 9-9)^^7- 

£ 3" *!S#5I 2 0 V 2 1 ffliR©G a N** 

IMiffil 40 
2 3 ] ItrfBG a N*»Jfe*?#G a N#¥3£tt 



IZG a N^^^^T-fc^-T sn^Sr^-f S zi £ £4S 

[«*« 2 5 ] m#m 1 2 {cia«g(Z)G a n^^^si© 

^©^tC, t»KGaN#¥*fMJU:fcGaN3MHI*tt 
*?«:?!gdW*:Egfc, *ifKGaN**mWWJt#&jMfc 50 



3 £ zumttz G a Ni^^Him 

UfflkZ^tiG a N#¥SM*3fcfc*?-T?»S £ £: 
fc+*flf#g|2 4 &3 W*!t#«2 5fBig©G a N*^ 

2 7 ] KfflBG a N^HS^-ftf G a N^^fc 
I/— \f T'feS 3 t ^^i: "T -511 sjfcg 2 6 ffiffiOG a N 

[»#» 2 8 ] 1 4 V 1 5 iCf B*E© 

luSBG a N3^ftBLhlCG a N&^ftffe^fcS 

DHtfl 2 9 ] ft$3( 1 4 tC|S«©|{fiaG a N5ft¥?g#: 

m±&G aK&mm&-imtfLi<tu suiEGaN^ 

TV^;ilS:Wt5GaN^^. 

[«*#3 0] WiaGaN*3NM**?tt. 97M^T 
n«ftS:*t?G a N^^«J|6^^T*fe5 3. il 
fc**«*«2 82D6^tefjf:£3f2 9flBffiCDGaN^¥ 

[»*«3 1 ] ItflBG a Tiimm&#G a N^^^ 
[000 1] 

M^ss&iiic 1 1 1 -vm^mm^m^m^ 

I I - vjfefb^NSi«Kfcgl1-s. 

ii$^P(6©^«;V^(!|sjK<Z)^*W^G a 

[0002] $e>tCGa NRimmk*Mf*(D$mJ3 
mzWU »fi^«S©^*V^G a N^^RhlC^S 
*VfeG a N*iNM#^aif*©Wi*»»CB§^6 Q 

[0003] 

[^©s$b] 1 1 1 -vm\^mm^x% mx\*m 

tt>mVl± (GaN) «U mtm^S. 4eV^t 
[0 0 0 4] i®WSffl^fc«)tf^^^fWt5 
bft*«e>, GaN©J:^«!iBfft*Ctt. 
T^-f^Sr^l-S^li, «jlf»77>f7 (Al 

2 o 3 ) mtez<»z$m&m. mmm&z 



(4) 

5 

[0005] 

rs?-wix-x ^•v-^;i/ iff r^-f K7-f t> 

«y^^H3 2i (1 9 9 3) ^1 528-1 5 3 3Hj 
(Jpn.J. Appl.Phys.Vol 32(1993) pp.1528-153 
3) . Z.V>Z.*>ts%&\Z\%. &U*£LX(Dffil&ffi 

mzm<&z\imT-i*&<, ^^mtm^izmm^n 10 
[0 0 0 6] £t=.&&m£&<»^**^)\<}&-&iz 

$1±SZli:*^RB¥8 - 6 4 7 9 1 mmiZ^mZtlT 

V v£>. b^U$H@¥8 - 6 4 7 9 1 -^^©MT'liS i 

[0 0 0 7] #|§9i<Z>gi$tt, &^^^f&!853g«tf 

V M tf * * i/^ fctbOJ$&l5m fesew 
[0008] $ fetc^ig^ofarog^ -tSBxtr** 

$^;WfeR£G a N^^^CD^tC^JM L*I^RS© 

[0 0 0 9] *fe*!893®te©BWti, ±8Bxif*^S/ 
*/WfcftK J: »J J#*3*lfcG a NJMNIMWflUllCG a N 

it) «*ifc*74tttffl#e>ns 

GaN^^ («AKGaN*ip«M*«S3WT-) 
[0 0 10] 

[S«lfc#ftlN&fc«>#a] I i-v«it£ 

I I I -V8Kb£&¥3£#©x 

tr*^*/-v^/^tcfev>T, w&Mmz>i*--yyz 40 
^^fi^tci5g^t«?^^«a^se^^*s I 

I I -VM^*WtSllt KfgES^fS 
treffil 1 1 -V^b#&¥£#&:7y-fey h«K§«; 

Tmx,*&ibtit&tts w£-t&&.&m<?>i i i-v 

19887 r -fey h^&*«^T^&¥fflflrt-*Xg 

[oon] *tz*nm<o 1 1 1 - vmit&mtm&v) 

Mlt ni-VM^W«ft5iW^ 50 



&BB¥ 1 0-3 1 2 9 7 1 

6 

wmfam+jm^mmmmmz m-vm 
&fijwa-i*; motsjajmoi i i-vitM 

v hm&£^^£®&¥Stt'tSXigi:, HifgB^ 

[0 0 12] $ e>ic*5§^© 1 1 1 - vmt^mw. 
vfmxmi* mmmmmz, mm.mmizjmt 

■?^K^ISyi^§0^»C[H£(fcttg5:^-rs I I I -V« 

[0013] 1 1 1 -vmtimmwmt* 
1 1 1 -vrnt^mm^m-^mmm^m 

-y yztit^xttmt, iffiss&mmsix*? rtvb 
fflkt:j&f&vteifip>j£&vtc 1 1 1 -vmt-swmft 
immz&£mm>i 1 1 -vimi&®mtoa>im 
££*\zm&?x9Wftzm\>\ ffriBi i i-vmt^ 

TjBjaatifei i i-vM^^M^ts^i 

1*131 I I-V^b^^ft 

[0 0 14] ttnavx ? «»/£fu©a«3« 
«na*RR«»c«fi-r* 1 1 1 -vM^w*tM 

[0015] $mmoG aN^^mmmm^mit. 
g a H&^fttm^^mmmxmkz&m 
m »6v^ttiiiianEJ:K^ttanfeG a n^m^im** 

m-zzmt. ms&$miizGaKfr!mftW7T-t 
yhfflkzj&m-t&zoizfmz-e. mm?zj&&ffl& 

<DG aN&^ft££&iZtm'?X?tmZW.i<\ 
IC«nB7r-fey M«3tS:*«>5iA/T«lB€:5pfllfls-t*X 

tiffBG a N«¥«ttlK*v < 4: =bl9l3S 
«, v**^&K^+SXfifc 

[0 0 16] ##§sb©g aN^mmmmma^ 



(5) 
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8 



li, GaN##^ftBI©7&ifc©gB;:, ligBGaN^ V** 1 4©X h v-f ^fll*. «S0. Un*610 
ttBLhK G a N^^^-f-Sr^-rsXgSr^-TS Zl m mgg £ Lfc. (©1(a)). 



(C, tufEG a N^^»K±fCG a N*¥&tt3fc7-6fl? ¥?g#B&©xtf* *5/*/W*Wfc«3. V** 1 4 ©tt 
f&tZXMt. imGaN&^#m^'J>&<t*® 10 ^fc^&xhf**^;]^©^^^^ 

IBS®, v^^*m$:^-rsx@i:5:W-rsz:ii?:4t 3R#a. gffetfx, ££1*, imt3mm&ii*t.V 

ummzttGaK3^#mm*x*$>s>z:£. xm*&. mt/m^x^u imsmztmis 

fCltflBG a NMftfG a Nft¥*# V— tfX'&Z T, ftgfltt 1 3 fC I I I — vmb&/l)¥mfo 1 5 

[0 0 18] *«re©G a N*¥*ftR& G a ^fefflV^SWiilWia^fC J:*«#ieW (V P E : Va 

^fc.^«SSC^I»aKB0^C^a?&<5^i:, tWiK por Phase Epitaxy ) T*fi$t>\ I I IJBRttlC* 

«. S>SVM«tiB^g±»C^S*lfeGaN^if^^ ^i^MS:fflV^S*^S^I^b^«ffl^^ (MOCVD: 

^®(CA*^-n>^$tlfeV^.^*«!4(Cj:y^$*lfe Metal Organic Vapor Phase Epitaxy) SfflWCfc 

*Se>«lll/feG a N9MN^«W^«AAIR«^G a [ 0 0 2 6] I I I -V»t^W 1 5 tt. #$g© 

N3WW*©j&fl£: £ fcWWBr* **m&*v v 3 £ PiT-livx ? l 4 ±lc*&&-&1\ j&fttRtt l 3 ©#.T**iif 

fcKnBGaN^^#©fi&SlcJ:»;itflB7r-fev r-*B§ raftMfi£»J. /ftftflMLh© I I I-V^b-^fe^ 

^iM*Wi*tlT^SZ:i:5:4^t-t-5„ *fc|{flBGaN #1 5\Z&7r1>y h$miMf&2ft2>. Z<D£g(DI 

SftTVN£££:&4#&i:-t£„ itiMfcZtiZJ:? 6 5 0X^6) 110 0TCCD/&KS 

[0 0 1 9] #$gS8©G a N*^NK£BtjItt3itt. fux& ft. I I Itmm&fe&lZttL&mfrb 2 0 0 0 0 0 

©G a N#t¥2g#BLh£G a N&^ftfg^©SUil&g te&#^1-£Vi^4©£M^©^T*l? 3. (01 
*9§WSftTV*&Zfc$*«SU:*-*. S^fClSfaGaN (b) ) . 

& i mfrm)^'p*<£*>mm&. -?**mwm& 30 [00273 a&cxif#*s/*/wjwt:girt*i:, 1 

[0 0 2 0] #3gf!©G a N#iNI!Wfc*Ttt. G a LT^fc;£ftJC/&BI#iItJfc«), f£*Mg^£tt"£fc< 

^nwuuicg a NjMsawaimwKrtsnTv^zi: vx^ 1 4 &a» *3tc&*. *i/cRgr*-*j*»itt 

&fct&§3GaN&^MLtlCGaN^ ©III -VMk&Wm&l 5<07r*v tWittm 

¥mm&iMf&2tu ttsmGau&mtimfrb'j?* «*-<& mi (c) > . 

n£t*. T*ybffimmM&*$\ mi w ) , m&miz 

[002 1] £ '& iCltflBG a N3MS#fl*m 14. Sr^"T S III - V^ffc-^^f^^K 1 

^O^jtSr^tfGaN^^^^e^-e&SifcS: 5Sr^*ii:*^« (01 (e) ) . ■ 

tZ.mmGa. N*«ft*?#G a N&^tt V AO [ 0 0 2 9 ] aS. S«±ICtt^g[^^g^©M«: 

~tfr** 3 i: *. * 1 1 1 - vMt-mmmimm&*m t, ms. 

[0022] £<DftmxmLLtz&M&mz£*>&$mm*. mst 

[0023] mi <osmmm> i&mam 1 &mm i o o 3 0 3 *njg©^®ic j: ^m^ic 

«WBMKCov>T, I I I-V»Hb^lMs»»©xhr*^ «fc»M*fI^C7T-fe>y M«t&JK«l/TV^. 3©7 
^^;i/^«?:MlC0 1 Sr«B8bT»Wi1- r-fey blt&-gMim<»ffi&Vm^t-#>\zimz>o 7 

[00243 %}&>\z, mmmtwrnzmzu *© tm*> hommiz*. vwafi?7ty tizm^xm 

tk<DJ3M.x-f&-&-rz>w®£m£ti\ sb&wttwtmt », mi£ms.izwxyx^tzm.mmm^^wty^ 

mim*tmmm6t<mit.imzG-t&i i i-v^ so i^Ts«s<«s*. M^w6»7r^^h©^fti:i: 



[0 0 1 73 *f6^©GaN*if^!f#^®iSi^ 



^©^tt^hv^^U Z(D 14 0J$.Z 



i: $ e, ICG a N&^{HK©7E&£©& 



[0 0 2 53 «CJC Jftftfi8«(^!f L I I I -V^fb^fe 



9 

to o 3 13 #ici i iim®\z.mm*m^z&<m 
ffimiz*&$mmz<& 1 1 1 -vsefb^^i«c 

mvmtffi%.z><Dttot&\ Lt-tf^xmBLt&mzw io 

i:#t?g&. 

[0 0 3 2] fefc, I I I^IS*4{C^«ft^SS:fflv^ 

i^x&mmjm<&z>i)\ ±m.<d^\z<di i i- 

^lc^£v**©^£*£<t-*U4v;**±;*£>© 20 

ri^®fl«^^A*fc»ia««{wicfe»** 1 1 1- 

[0033] (M2 <Dmm<mffi) *&W(o?& 2 amm 
ommz-Dwx. 1 1 1 -vmit-sm^mtiw^** 

[0 0 3 4] 05 (a) ~ (b) £T*l4ffll ©H8£©7£ 
JS©01 (a) ^S, (e) fcHflKfcligTftfWIl/TV** 

feaaw!****-*. m2<Dmm<mmx& 111- 

¥*Hbl/fc»C, Jg2©V**£g3tt (05 (c) ) , 30 

miomm<mmtmmzyriz^hmm^^u ¥ 

ifrft£*7oT^£ ®5 (d) ) . 

[0035] mzommoyimxit, 01 (a) 
(e) ©ffiBd«!ai»yjg+r4:Kj:yjK«Lfci 1 1 

[0036] mi <Dmm<Dmm2bz^\tm2<Dmm<m 
fmtzmetizmbx&v. ai 2 o 3 , si, si 

C, MgAl2 O4 , LiGa02 , ZnO^0®E 40 
/\<D, GaN, GaAIN, InGaN, InN, Ga 

a s x«g a vm<D 1 1 1 -vmt^mmw^mmz 
mmxi**. 

[0037] $.tz.mnbz>^\msx\twmz*oy(k<» 

a*W«W:fiI«t5 I I I -vm 

l^iSlCgaiv^^.&^L/TSl (b) ~ (e) 
W405 (b) ~ (d) O^nt^^ToT^llW 

juamns. 50 
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[0 0 3 8] $ b\z*$mnymx\*-?x>; lAthx 

■xy<74 ^(DM-yzm^&mmiz-o^xmm 

jfcffc 3U4H£p|Ki:&Sv;*#T*%J:K 

[0039] (^3 (Dw&<mm mz, *wi<m 3 
m 1 ®m&<mffitb& w*» 2 <D$m<mnxwm ufc. 

1 I I-VMWS#©xt*^j/^;i/^J:Ga 
N&^ftOJ&KKflJffl LG a NftiFttfflR&nA-f & 

[004 0] 03 ©HJgCD^li, m 1 ©l^feC^figfe 

s W4H 2 (Dmmwmxwm Lfcxt^* * s/-v;wfcft 

[0041] 14 d«){c, g a na&mtmmsm'p 
m^vste&mmffl-tiZs yxhwv^yj- 
mto^y v*v*>#m*m^xmihtoimm&*. 

[0 0 4 2] «cJCflWMB«IC»LG aN^ftfflltf 

**isvjvim&7$. &mmizfmt& a a 
«#®igftsd&fi*«stt. 1 1 immzisvt;^ (g 
a) tmtfcm (hci) ©fios&a^&saMfctfy 
»7A (Gaci) tvmmmizr>^-T (nh 3 ) # 

^*«V%*«Mb*«a^tCj:*fttB«fi (VPE :Vapo 
r Phase Epitaxy ) tfeSM K5>f KVPEffi 

Ga|^{C^«^&MV^*«Nfejii^-^&^ta55t 
S (MOCVD : Metal Organic Vapor PhaseEpitax 
y) fcffi^S. J&g?&&l46 5 0X^6> 1 1 0 OVX'fi 

v\ v^MMcDm*i4i i itmmmmzmv^ 

^620000 0te£#ii&-t*U4J:^. 

[0043] G a N5M^#Jf©X fcT# 3f 
14, 01<5D^®^Sgtra«»C GaN^#« 

jgiU, ^ff^©GaN&^#l£lCl4gffi©®# 

[0 0 4 4] X^^^rS/^^^&^St, GaN^ 

jWi&fcfc, j£gM^£»7T*fc < v** «fc e» fc^ 
*. * LT8«S^*l«ft»WW>G a N^ft®77t 

Si:, G a N^^#={C«k U 7 7 •& >f MKt3Wa«)ii* 
*U «^WICI4, TOa*ffi&#**GaN*¥«W« 

[004 5] G a Nl4/Vl/^^S®f^^Sli*fca, 
S^(DG a N^^{*(Dig^^T'l4S«i: LT^^ 7 

(4G a N^^^i: i*mim j t>mm$tfmte o r v % 

oi:, ISRi:©IHii"C«*U3fe«ft^«SK:i:'b&'5lRte 
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< LT*>if£fi©{^«Jie>*l&fro£:. 
[0 0 4 6] *m&<mm,Z&&x.\?**i/v)\sWi£j5 
&T'lX. GaN*i|^fcSIMKMi» J W«m^Oll&- 

StBB&c gra£<&£^fc*®7j<4©7 7-fcy h*t 

in, 7r-fe<srhti>ffi»CJ:V. g&£GaN^¥3i#: 
©#ffi#^e>f8£bfe©(£#:77-tzy Mcfa^oTii 10 

[004 7] Lfc^oTG a N&^*©i©li*R5tt7 
rir y b©/£S|i: £ fcC*jSFI«MCilfttf&*u G a Njfc¥ 

iHWttB^ffcM^ l/T^g. i£i&©S»cfliT h 

*;i/JRl*©*W&©<©mt&*iS. 
[0 0 4 8] z:©«fc e> ICSS-BCVX? (C J: »J>8JRWfC 
M3^5WC77t5/ h«Be&*"t SG a 20 

*»#ut&ri»t-6 s t t% g a nmmm&m&x 

[0 0 4 9] 3 m3<D2m<mMT*m%tlZ>Ga 
&77<i £-7X9 tCa N^#3£ft©-gP 

¥gttBthK G a K&m#&&-*fiWt* Z£T\ G 

T'££„ 30 
[0 0 5 0] SfeGaN^M'GaN*^ 

fcG a N^^flSg^^CfcttS^SS'S©®!^ 

[0 0 5 1] 3e>tCGaN&^ft$lBy^#GaN& 
l/— *©#£», G a N»±fti»tt£^g|JBi&#W 

[0 0 5 2] S&3©|gi£©7£ffi{;:;i3tt£GaN5ft 

^ttBS©^i*i$tfB±si i (Dm&<mm<D^z 40 

*;bJ&g&ffiV^gB«£Lfc*<, &2©jQ£©7EJJgT*=fc 

mm-*imx&&. 

[0053] m3 <Dmt&<V&M<Dm%T'iZs GaNSf 

* * mmtZWZm Ltcf)\ ^g±{CG a N^^ft 
Srlftft LfelfeK, t£G a N^4^«^®tCVX^ ftjRA 

[0054] zb\z*m&mm\z.m^z>-?*>? tvx 
vm i ©$t£©7gjtt%« v *m 2 ©nsfeo^^t 



(mmiZtetf&GaN&immLtbX&GeiN. Al 
GaN, I n G a N^tffctf £>ft&#G a N««ft*ff * 
UK 

[0 0 5 5] SfeGaN^ifmittift^fcl/Ctt. GaN 
U— tf^G a N&L E D^©G a N&^##£ 
3t^ : ?©ffilC F E T-^H B T&XO&JU XtCfcSSM *T 

[0056] («4 <Zgg&©HgJH) *3m<D'%4 ©JOfc 

ommz-D^x, ®6*&mbxmi-t&. 

[0057] ^4 <nm&<JWm%> G a N9&¥gtti:j& 
IKS^a^^SjR^M^SSfefclC !fll©Kdi6©^ 

fc«SU $e>fC3©GaN^^<*:jp[MJ:{CGaN* 

[ 0 0 5 8 ] H4 ©|£5£©^T'teG a N^^ttBLh 
©G a U&imm&-£. bTG a N$¥*#83»R?-& 

[0 0 5 9] IttMZ, aHOT5»CV^^«:3R»U 7 
* by V^57-f-&i:7xy hx^f^n'YX^i: 

mm^&*7m<Dm&zmmm±izG a N#¥#tt 
[0060] vx9RVf&&tm<DmR£i>xiz. mi 

[00 6 1] *Cj&RflW»C*f LG a N3M^#©xt^ 
**t/+M*&*tf$. GaN^«M5Mt I 
I I»EBDPBC3{fU9A (Ga) £«Mb** (HC1) © 
£f&£^T-&S£<ft# U 7Zk (GaCl) fcVJHBCR 
tCT^xr (NH3 ) ^fi:MV^«/vf K5-f KVP 

Emmtv\^\ mw&mit^mm&m (movp 

E) fcfl^Tfc.fcV^ 

[0 0 6 2] G aN^flcfflX^^^fi'tMSll 

m i ©££©£»£ nwc, g a Kft^fcmmmm 
fiE«j:0G a yt&*mmz\3Mm<DWJso.£tt 

[0 0 6 3] xhT*#S/*;W&g«:iKttSi:, GaN^ 

■mtjtztb. fmsmmx-te $rse> «k e> k& 

S. * l/TBWrt-*«fifll«©G a Wk*mtiim<D7 7 

G a N^s^^tC i'j77ty h^it^i©ii 
±*U SifilWfCfjU ^pfi^B^t-rSGaN^^f* 

[00 64] ^tCG a N*ifmMMIt±ICG a N^^f* 
«««?CMlHF«6S:f^H-r<&. G a N^4^<*MS:^ 
fiKbm G a N&^ffi&mi&t<tltz.miZMO C 

vDmmztvhu m^©tas> ^sut v/i i 

IJtT% nSGaNf, nlA 1 G aN?7'V hM> n 
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MG a NflMM K/S> 7> K-^I n G a NJKWJSJf 
£7> K-y I nGaNiii^P,i:5#li^Fi 
JSEittM. plAlGaNE pSGaN3te*M , KJf, 

[0 0 6 5]*:, i^v-mk%m&v&mi*9fm 

HCtyhU Stic. Si0 2 V^, feWGaN^ 
4^#JBItf>-8POTgLTG a N*imWt«&ItffiS-ft 
S„ SffltfeGaN^^flsK©®, t&fc%GaNS 

[0066] m^^mmm^^xroy^mmh 

[0 0 6 7] *l©|Q6C^JI8®Xtf**^;UJSfeRT? 
»e>*lfcG a N&^&I&ttCG a N*^<**?#ig 

feffeg-ts^icfcy, mtovyr^rmmm^tz 

Sxtr^^r2/-v^^K®igSfe{)^#-e^, G a 
[0 0 6 8] 3e>fCGaNm^^0?A^GaN^^ 2 

&fmEBT«fi & G a N*^<«K®^®ic^-rs 

[0069] ifeGa NJfc^fte&fcifc-y-tfG a N»¥ 

J: y G a N^¥3SftU--!f«2#3g£&ii 
2>W&tsJMT'&im< 9-B«:J&i!tUfct>©lCji'<* 3 
[0 0 7 0] fcfc, ^4©|yg©^dLhfBOfi^{C|55 

[0071] Mxti G a WMsSMMftOxif* * i/^ 
l agQ6©*ffl£tf "Cft < , * 2 0S£&g£>7g 

[0 0 7 2] S&KGaN&^mttCGaN*^ 

fct>\ G a N?k¥m#mZ}&WZgM. V^tGaN 4C 
^4^ttm©^P&Gfo£Lfc&lCG a N^#^#^-?(D 

[0 0 7 3] fcfc, GaN^»^HS, 

[0 0 7 4] se>fc*^i6o^cM^Svx^i:LT 
(ill l ®l&S6®®J!B&a v mm 2 <z>£ffi®HaK£ fi§tf&lfc 



#Hff*P 10-312971 

14 

<DBmzt3tt& G a N&¥j|£#|g|£ LTttG aN, Al 
GaN, I n G a NSttfcfctf&ftStfG a N 

[0 0 7 5] *fcGaN*i|m!M**?-i:LT»*, GaN 
V— if-^G aN^LE D^fflG a N&if^ftlS 
FEWHBT^ * IC tijgMnT 

[0 0 7 6] 

[^M] mz*miomm\z-D^xmm*:m-Lx 
mm?*. 

[0077] (mi cD^s^M) xmnDmrnnz-D V * 

T, (0 0 0 1) (Al 2 0 3 ) S4£l 

I ±fC 1 /t migffli|[(iDG aNI12^W> 
J^l/fcgffi&MV^,, ^GaNil 2^®lCS i O2 

KfcffiAU 7*h'JV^77^-Si:^i'y hxy 
tP^T'V** 1 4 3K#J§tbfc. JfeftK 

^cl 3£J:l»X? 1 4l£ *ft?ft5 (im&£lf2/ji 
mZ>m<DX b ^T-feS. * h ^-f ^l»»i< 1 1 
-2 0>£fRj£Lfc ( ®1 (a) ) . 

[0 0 7 8] JftftflRttl 3JC/&g-fSGaNlgl 5tt. 

I I ijfeisew^y^A (Ga) tmtfcm (hcd 

OM/S^feT'feS^fb^ 'J ? A (GaCl) £Vi&|C 
ifBffCT^XT (NH3 )^tffll^MK5-fK 
VPEjStfflv^fc. ISffU 1 &/vf Fv-f K®jftJBggi 

tc-fe^ h u 7K^#H^T-^«iasi 0 0 o-ctcimi- 

5. **JiaWSS3eLT*»&, HC 1 Sis**: 20co/ 
##T*#s£U NH 3 gf£Sl 0 0 0c c/lfcfrT* 5£H 
&#i(fr*&Z:£T\ J&fttttgl 3CGaNH5©{l 
- 1 0 1} mfrbteZyy^v h«ttS:rt»S-efc (EI 
1 (b) ) „ SfblC, 2 0#RgigSx^**^;i//&g 

V** 1 4 m.*>*.X?7*.V h«Kil 6 
3*S*& (Ell (c) ) . 
[0 0 7 9] Xbf^^rJ/-v;i/^S:i^t^Z:i:{C«J:y^ 
r-fey h«SS&a«!>a* (01 (d) ) , S^tcii, 

5 ftrsa&MT- 2 0 0 n mmm.<m L mtjmm •& g 

aNKS:^S*fe (01 (e) ) „ GaNil5^ 

[0080] minmmx-im&ffimzMm-tzmiR 

OMZ**L fflmt {1-10 1} ffi^P,!5;577t«y 

[0 0 8 1] *5§^tc«fc yjttfiL&m«ffMl(CH^« 
i:, 77t<yhffiffiit* > ffififaizmfbtu 

ofe„ ZttfCky, Xlf^dr^^;!/^^^©^^ 
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[0 0 8 2] ^lCQiatWJCAoTJKRltanfcGaNK 

Pfij^SfC^fc < , *Pfe&£ttt 106 c m 2 
ok. 

[0083] *^gMT*^ IfeGa N JKl*ftNS#^ft 
{C<i>&<, 3©±tCl/— tf\ FET, 35«fctfHBTfc£ 

[0084] 3 TS« 1 1 «:»H(WMCj:o 
TKHS-fSifcT?, GaNKl5&JHR*mi:bT/8V* 

[0 0 8 5] II 1 ©|Q£0!JT-Ii. G a N«®xl^df 
. */wfcRfcyW K5>f KVPESfcrnvvt^Lfctf, 
^m^M^b^feMffl^^ (MOCVD) SrEwrfclH 
*bWft*#»&ft*. £feAl 2 o 3 jfitfei l ftfflv^fe 
Si^K. ZnO^, SiC^R, LlGa02 
Mg A 1 2 O4 J^fcMVVtfcHtt&%j|i 
2>W<3*l£. S(MCA1 2 O3 SglUICGaNI^ 
l 2 fcfc&*BiMgftL&tf. ttfgl l±»ctffigv^^ 

[0 0 8 6] *fcv;**14£LTSi02 fcffi^fc 
tfZttfCR&ftSfcWTttfcC SiN x ^©ftfiSift 
Ure% J: V\, 3©Sfe&6#lT-te:v;** 1 4 VM*. 2 //.mil 

temkimZIXZ. SefCXh5-Y^S:<l l-2 0> 

stt©#ft<i-i oo zitie>©*^e> 

[0 0 8 7] ^fcGaNC&Xl^^^MfcSlCOVvt 
S&^fetf, InGaNE AlGaNE InNE G 
a PjRfeSV^G a A alj|fcxfa:**5/*;W*ftl/C%) 

m&t&mtm*>tiz>. $ e>K#*r* 1 1 1 -vmt 

[0088] m 2 co&gftD 2 oSttHi: 

owe. m©ia6MfcHlxmfc««l/Cltti!rr 

5. 

[0089] 3g2 (DmfeMT'l-L £M£ LT, (0 00 
1) BSiC&El 1±{C1 Am^SOH^OAlo.l 
Gao.9 NKl 2&*&*»U«Mg«l/.fettfiftfflV^ 
fc„ £©Alo.l Gao.9 NKl 2^®ICS i O2 

>yT*V** 1 4 fcJftftMKl 3{C#f8tbfc 0 jftfiflglg 
13. 1 4 {£, **ietX2Mm, feitfl 

l-100>*|fttLfc((Hl (a)). 50 



(9) #H3¥ 1 0-3 1 29 7 1 
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[0 0 9 0] J«ftl!Bttl SlCfiJ^-r&GaNKl 514. 
I I iBSBCWCtfytfA (Ga) fc«Mb** (HC1) 
<DEU&mSWX3bZ>%.itW)V2* (GaCl) hVf&M 
»CT>=EX7 (NH 3 ) *r*fc/BV**A-f K?-f K 

ic-fey h u 7K^#H^T-^iaS l o o oicic^-r 

6. ^fcRfflK*«SScSL/T*»&, HC 1 mL* 20cc/ 
«#T»tt*&U NH 3 JjfE*2 0 0 0c c/Wt* 5#g 
SW&-TS3i:T% Afiflffil SKGaNRl 5© {1 
10 - 1 0 1} ®j^e>&.g>?7-fey M*at«:ffcR31ifc (S3 
1 (b) ) . 

[oo9i] se>tc. 2o^iai«iw*^*ft 

fctttt. V**14£^e>£T'GaN©:7 7-fey 
1 5&9^$-&fe (01 (c) ) . 
[0 0 9 2] X&##*/*JbfflfeWli'e>Z.lL\Z**)'7 

T*vh«M*fc»* (01 (d) ) , SiJIWfcii. 
5©iacDJEfcRT2 0 0 Mmgfl&DW&SSEfc^tSG 
a NfllfejfefiltS-ttfc (01 (e) ) . GaNj&l 5<?M 
/£& NH 3 #*&^Lfc#6^fcT*#£PU fiR 

20 jaatiustym-r. 

[00 9 3] »2©*Jfi0?UCj:oT?»*atlfeGaNffl| 

1 5 ici*. s i cs#? 1 1 htoWf^vmrnmofi 

Stlfc. L*»fc, JRBtBW&fTofcGaNIIBCIi, KPfe 
3W»C^ft<^««ttl*l 06 cm2 gftfeo 

[0094] *Siat«rej«ftLfeG a NKtt*NH&Hr 
{C*J>fc<> £®±C1/— !f, FET. fcitfHBTfc^ 
©*^fcfW:M^«:JdaW'a£fc-R 

[0 0 9 5] SiCafilEl lfe«BWWCj:t>T|» 

[0096] ^2 ©SQfeWCtt. G a NBI©xfc?* 
•v;w£fMcvf K5>f KVPEiSfcffivvcjKifcLfcjft 
^8^<b-t}4a£WB&S2fe (MOCVD) ?:MV>T%H 
«Wrfj6»3WI&ti*. *fe*H2!6^JT'ii. SiCS«l 
lfefflV^fe*V, SiSS, ZnO^g. Al2 0 3 S 
«StR, LiGa0 2 S®. MgAl 2 O4 
40 S:fflv^T%iB«bWSft*W»&*i*. Sfefcs iCSIKl 
l_htCBt)W)GaNBtl 2&»&*»Ctt?g|*b&3W. 
«1 l±tCiffigv^^S:^LT : bJ:V\ 

[009 7] £fcv;*?14i:LTSi02 feMV^ 
jVitUCHI 6*1-5 =fe©T-tt&<. SiN x ^©i^fii^t: 
BTe%iJ:V\i 3©|^MT*iiV>!.^ 1 4©(@£ 1 0 Aim 

»«*[**«»&*i*. $6{C^h5-fy$:<l-l 00 

fc^tt©#lft< 1-12 0 >T*=bJ: <, £*l&©#lfofr 



(10) 
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[0 0 9 8] ifeafeClSKl l±©J)|i:bTAljffirt 
0. lCAlGaNfe^fctt iCMl&sfcttttSS®*)© 
T*«fc<, £©fllfc l/C*CDft«CA 1 N, InGaNfcif 
fc«V*T*HtlKfc»*W&ft*. ££(CGaNtf>xbf 
#^^;W&glCo^TM^fe#, InGaNi. Al 
GaNE InNE GaPIfeSVMiGaAsl?:! 

1 1 1 -vmtma\cf®m<m}taLT%wmsi 

' [0099] (^ 3 (ommm *$m<m 3 agamic 
owe, H2&«ibi,tbwm-*. 
[oioo] mzomimmt. mrnthx^ d i 

1) tB©MgAl 2 0 4 36«2 1 fcffl^fc. £0>®iK 
2 1^ffitCS10 2 |*2 3&gjaU 7*huy^ 
7>T -&£>7Xy hl«yfi/yT"7X^ 2 3 
2 2lC#itl,£„ /ftft£tt2 2, &£tf-¥X>? 2 3 te, 
ftlfM/tm, ^3«fct^3 Aim©«@©;*b^-f 7^T*2d 20 
S. XH5^^*fB»i<l l-2 0>*|6lilbS: ( (0 
2 (a) ) . 

[0101] G a NKO/ftfil*. V** 2 3±iZ0^^ 

<dg iiNimmz&im-t&MzmLt-^ k^w kvp 

(Ga) tmzfcm (HC1) ©fiJ«4rill*T»&*ft 

#u?a (Gaci) vmsmizrye-T (nh 

., 3 ) #*&J§V%5. 

[0 1 0 2] jfe-f, &E2 1 ftftA&IKC'fey hU * 

;* e> i o o o •cmmonuT-mm i> 30 

5 0 0TC{C^ia3-fr> HClSfcfifcO. 5 c c/ 
U NH 3 SSftlOOOc c/m*T'5ft 

mmmstz z t x% tmum* 2 3 izm 2 0 n m© 

K^CDGaN^77^2 4S:^-rs (02 

(b) ) . 

[0 10 3] £©«HT, NH 3 MX*mtL*&h 1 
0 0 0-ClC^a-TS. J&Riagj!^j£LTfr£>, HC 1 
$jf2*£2 0cc/##T?&*&U NH3 M1500 
c c 5 &mm? S 3 £ T% JftftfRtt 2 2 © 

GaNAy77-M24±lCGaN<Z> {1-1 0 1} ® 40 
3^&a*77-fevh«Bt2 5«:J«fta*fe (02 

(c) ) . 

[0 104] $e>ic, iM^MttHRt, V* 
* 2 3£ge>*T*GaN)8l2 5ffl7rt«y MgSt&ISt 

3fc^®5:*-rSG a N!2 5 (02 

(d) ) . GaNR2 5<Z9^K. NH 3 

[0 10 5] »3 0ia6WfCJ:oTJgfi!ta*l&GaNK 50 



#HB¥l 0-3 1 297 1 
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2 5 ICtt. M g A 1 2 0 4 £8(2 1 t©&^gBt-fc5& 

*«##*£<Mfc<, 106 cm2 iggT'&o 

[0 10 6] *H»WT»fiJ»LfcGaNJBIti^K*^^ 
\Z>pt£<. 3©±tCl^— if, FET, fcitfHBT&il* 

ttfei«!i±Si£*££#Brte£&s. ^feMgAi 2 04 

S*g2 1 Zmm^lZ <fc o T |J&£-t 6 Zl t T\ GaNl 
2 5 ^litmt UTffl V \* 3 £ *)T*£ -&„ 
[0 10 7] |£30>j£&fe0!|T*li, GaNffltaxfcf*^ 
^MfcglC/W K^>T KVPE&&MVVT^L£:#, 
#&fe^K£4t£Cffi£j*& (MOCVD) &fflV\Tt»RI 
&fcSftSI*We>*lS. MgAl 2 O4 

1 &J8V*fc)BV. Si^S, ZnOig, SIC 
gffi, LiGa0 2 AI2 OsStt»S:fflV%T 

%m%t&mtf&*3ft&. $e>tcMgAi 2 o 4 21 

±{Clfigvx^ Sr^Lfe^, «S2 1 ±fCG a NflEfe 

[0 10 8] £feV**14£LTSi0 2 $:Mlr%£. 
#Cl*UCPSe>*l.g>:&<DT*W:J&<, SiN x ^(D*6*iffc 
BlT'fc.fcVV Z<blZ-?Xi7 2 4a>mZlO(tmt.Lt=. 

mtmbtiz. xmmx'fc xh^>(7z<i 1-2 

tii:Sitto*iRj<i -1 0 0 >-e *>«}:<, z:ne>©*iRj 

[0 10 9] *M*«WT?l4l6SU:Kffifi/ty7 7* 
S:l2»7fc#{CG a N«0J*fi«rff oTV^Sfeft. 

[0 110] Se>lC, HiSMT'li, GaN(DXl^^dpt/ 
^;i/^S{COV NTM^fe^, I n G a NE A 1 G a N 
J& InNE GaPE Ga A s^$:xlf^dri/-v;i/ 

[01113 (£4 ©nafefcD *?§^©04 oiSiMlc 

ov^, 03, 04 zmmhxwmtZo m3imiRW 

^^StJ^WKi: bfemi«S0T'*>5„ 

[0 112] a^jteW-ett, SfctilbT (0001)® 
0A12 O3 ®E4 1 ±\Z 1 m mgScD^iPcDG a.N 

[0113] I0GaNE4 2^®{CSi0 2 
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& 4 nmCOmiVWfc (03 (a) ) , -i2#3/*m 
(DELftmk (03 (b) ) , £«fctf5Mm£|©*g#m 
(03 (c) ) (DSfmtlteZ-?*? &-?*lW§^ 

toii4] m^td^mm^ 4 izfrntzo a nibs 
4 5it in j&iemc h y * <7 a (tmg 

a) ^hU^^l/T^^-^A (TMA1) i:V^ 
iWCT^-T (NH 3 ) #X£ffiV^;fr*B£Mtt£- 

[0115] m4\m3<Dmmmmi&i>tc.m&±iz 
im&&mzm^z 1 1 1 -vmt^mmi^mm^ 

i/&#e> i o 5 oTco^Mc#ta-rs. 

LT*^, h U t^JVXV ?ASfcfi£ 5 c c/## 
T'^U NH 3 gfSS50 00c c/#^T*l O^g 
IMt4 3hT% ^fl^4 4 ICG a NJBS4 5 © { 1 
- 1 0 1} »fe«;577t<y hmMZfmtStt (0 
4 (a) ) „ 

[0 116] SfetC, 3 0^|SgflSxtf**^/l/^ 
SrlftW. VX^4 3&ge)*T'GaNM4 5©7TiZ^ 
h$St£?$i£-frfc (04 (b) ) . 

[oii7] ^z**/v)m&*wmz>z-t\z&>)G 

aNjf 4 5 ©7 y -fey h«3t£il«)i2.# (04 
(c) ) . ffimiZit. 1 2»^fl0 0/tmi 
«©3flSfc*ii&#"*-6G a N)&4 5 (0 
4 (d) ) . 

, [ 0 1 1 8 ] 3 ®S6W^©fifcS««tC^LfeG a N 

' 1*451*. ^^^Kicfc^-r^s^s^e, 

[0 119] *HJ6MT*^LfeGaNKtt^I5(S^S 
lC<J>fc<, Z.©_kfCl/-1f, FET, fcitfHBTfcif 

[0 12 0] $ e>lc^7r-YTS«4 l fcflfjg^icko 
T^1-SCltT% GaNK4 5£S«^mtl/tffl^ 

[0121] ^4 ©#|M!IT*1*, G a NK©xtf * * */ 

(MOCVD) feffiWCfcH 
*«a»sW»6*l*. £fcA 1 2 0 3 m&4 1 fcfflv* 
fctf, Siii, ZnOgfe SiC^E, LiGaO 
2 ®S, MgAl 2 O4 Sf^feffiVvCfeHttfegl 

*we>n6. $e>icAi2 o 3 m&4 1 ±izmm<D 

GaNfl|4 2&*&**B«W§MSLfc#. S«4 l±Ktf[ 



) 4WB¥l 0-3 1 2 9 7 1 
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[0 1 2 2] £fcv;*?4 3tLTS 1 O2 SrffiV^ 
#£4xK:|Ke>*l*fcffl"eM:fc<. SiN x *$0)®&fo 

[0 12 3] £fcGaN©Xfcf**t/-WWfcRlCo^T 
InGaNE AlGaNR InNl, G 
aPtt*6V%ttGaAsRS:Xtr#^fS/^;WfifeRUT*; 

H^«^j**W6>ns. se>ic^tsi 1 1 — v»Hb 
[0124] (^ 5 ©n»j) *»w©ss 5 ommmiz 

[0 1 2 5] ^|g5 ltd*, l/tm©If®GaNl5 
2tm&&tltz (0 0 0 1) BO-b-^r-TT^S 1 & 

[0126] £©aStR5 1«S£Si0 2 K&gtt 

u 7*M;v^5^H&£?xy hx^^T-Jg 

1 ©7^^ 5 3igl <Dm£m£ 5 4 iC^gtLfeo & 1 
CDfifcRIWtt5 4, fc«fcmgl©v;**5 3}i, **l*ft 

^»I«J»*, <1 l-2 0>ilUc (05 (a) ) . 
[0 1 2 7] m 1 4 1 ©G a 

NK5 51*, ±|2©^J6M1 fcRHKlci I immiztf 

(Ga) fc^flak* (HC1) ©£j££j#felT-& 

zwcxwu (Gaci) tvaaBWcr^xr 

(NH 3 ) ^S:«^5/WF7>f KVPE^M^ 
fe. SK5 1 £;vf K5>T K©J&reK«C-fev HU* 
3ll#ffl^T*;&Ri&g 100 o'Cfc^ja-rs. 6 5 01CCD 

»fl&ii»feaHR5 1*NH3 tf^tWMWC-*-*. IfcRfi 
fl&W56jgbT*»6K HC 1 10c c/fefrTtfaft 
U NH 3 gf£fi4 000cc/^-T'6 0^©^ 

x\ mi<Dmmmxwmvrc.mi<7> (a) (e) © 

jfcftEg&liT, ^ 1 (DY^ * 5 3 zmitth/utm 1 © 
GaNBl5 5S:?KBW-* (05 (b) ) . Hl©GaN 
K5 5 NH 3 ^X#H^CT'^ia*T'?&*PU 

[0 12 8] r^lC, GaNH5 5±iZUrfS i0 2 K 
S:JK«U ^20)^^5 6 tH2©V^^ 5 7&i 
-etl-? 5 ^©^ h ^ -f ^*gli, 2 Mm, £«fct>*5 
/tmt^'J, ^.h^-r^lRJtt<l l-20>i:bfe 

(05 (c) ) . 1±\Z> WJS. ^l<Z)g^ 

«eBWb3feBl© (a) (e) 0^^r^&@ 
T, ^2©T*? 5 7 mi5 0Am© 

H2CDGaNM58 6 Aftd«Wft b tc^Zmtc 

(05 (d) ) . 

[0 12 9] fifcRLfe»2©GaN|»5 8©^|«S:Waf 
SMMMffeM^feiglll. ^«5j!>U 05 cm2 

[0 13 0] »5©iat0rT»»dU GaNifflxW^ 
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MW^itemmmm cmocvd) *m^x*>m 

tzi)\ Sig® ZnOm Si Cg®, LiGaO 

2 mMgAi 2 o 4 mmm^xmmte® 

mmhtlZ. $t(CAl2 03 ^K51±lCGaN 

"f , S#LhKG aN!5 2 £/£BH*-f , it^ 1 
*5 3£jfcgLTt>cl:^o 
[013 1] 4fev^^5 3i:bTSi02 £J§V>£: 
^ZLtl{CPSP>tlSfeCDT*li^<, SiN x ^©S&iSift 

A^K. ffift, H^^T'=foiV\ £feGaN©X^ 
^t^l/A^Co^T^fe^, InGaNE Al 
GaNE InNE GaPi^VNBGaAsISl 

ia«t* 1 1 1 - vmt^i^MmnmnLxmm 

[0 13 2] *mi<D&mtikWT'\tGaN&(»l I I - 

mamk* 1 1 1 -vmt&®¥m#<Dfmizw8-5! 

[0133] (|g 6 cDSSiH) immvwi 6 ©HSfeWc 

#^S/*;W&&£GaNM©J&fiK:;SV\ 3 6,{CZ©G 
a NBLfcKG a N*iNf#l/-tf fcf8t**:iX«:«W 

[0 13 4] 06tojrt®K6 1 {Cfct, 1 /tmffilSfO 
GaN|£6 2jW&*3*ife (0 0 0 1) WWyyJT 
m&G 1 fcffl^fc. 3©g®6 l^ffifCS i 0 2 B££?£ 

-f-St^xv hX')/f>n-S|l(DVXi' 63i$l 
©*IMR«e4»C4«tl/fe. ftl<Ztfftfi1!Rtt6 4. 33 J: 
^107^^6 311 Zft^ftbfim. i5^Xf2fim 
®^h7>f^i:lfe. ^h5>f^i^li, <ll-2 
0>*W*»61 0««»T?RRfctfe. (06 (a) ) . 
[ 0 1 3 5] M 1 Odt&Hm 6 4 l <DG a 

nk6 50. ±me>m&Mi ttmzi i i«ik*shc# 

(Ga) tttfbMK (HC1) ©^£*#feT*& 

•s&lbtfU tfA (Gael) 

(NH3 ) #afcJBVt«SVf K5>f KVPE&£/gV> 
fe. I«R6 1 fc/vf K9-f KCDAM8Uc« v h U tK 

st#ffi£ra*gis&i 0 0 o-ctc^-rs. 6 5 01CO 

5 1 &NH3#*SBWUC**. ttAffiK 
LT 6), HC 1 gtaS: 4 0 c c /©#T'«3& 

u NH3 saiooocc/^, fe<fct;i/5> 

(SiH 4 ) jJiSSO. 

llllCMtttWTBWiUfcHlCD (a) 

( e ) (Dfrnrnzmx. m 1 ©v* * 6 3 



) #IHFP 10-312971 

22 

£1112 0 0 Am0il 0G a Ni6 5 «t5 (EJ 
5 (b) ) . ftl®GaNK6 5fc£rt|ft. NH 3 * 

aN|g6 5te, n!Ht% lXlOlScm-Sj^^^'J 

[0 13 6] ftfC, GaN&¥3£#l/— Vffl&Wm\Z. 

»*, mm^it&tmmm (movpe) zrn^xfp 

SSLfc. G a NIK 6 5 %M$%L MOCVD|ggtC-fe>v 
hU 2teR&BBft?J&£S&l 0 5 01C{C|mi-6o 6 
5 0*Ctf>i§Sfre>NH3 ^#H^,fC-rs. Si$:$ 
tQbtz 1 (im(Dl$-£<DnMG a Njff 6 6, S i fc&C&Dl. 
fcO. 4 <imfflf$©ni!A 1 0.15G ao.85N£5y h 
M6 7, S i £8jc&0LfcO. 1 A mCD^S©n3i!GaN 

KI6 8, 2. 5nmCD^$©7>K-^I n 
0.2G a 0 .8N4^-#^i: 5 nm<7W3tf)7> K-^I 
no.05Gao.95N«aW^&ft*l 0/WB©^S*?# 

^«ign§^6 9, -7^i/-?A (Mg) &sanbfc2 

0 nm©)f $OpSA 1 o.2Gao.8N!7 0, Mgifej& 
*DLfeO. 1 /imOj^SCDp^GaN^-f KM 7 1, 
Mg£8silOl/£0. 4yttnKDi?$(Dpl!Alo.l5Ga 
0.85N*5y KJI7 2, Mg£$#nL£:0. 5Atm^ 
3©pS!K5aN:3>#? 7 3 ZMtfrMtfCls Is—*?— 
HmZimVtz. pS©GaN3:/**W»7 3«:?§3* 
htzmt. HN 3 ^#ffl^T-^a*T'^*PU ah 

se^yjRya-t me (c) ) . 2. snm^scD 

T>K-^I no. 2 Gao.8N*T-#^«i:5nni©J?$ 
CD7>K-!/I no.05Gao.95N|^^^e>^S#fi* 

^Hwmmrn 6 9it 7 a 0Tc©iasT»^bfc. 

[0 13 7] U-4f-fflkZM8.lstzV7747 
lt:Vfm»K±v hU -9-7TWTS«t6 1, G 
aNf 6 2, Si02 VX*6 3, fe«tOJGaNm6 
5© 5 0 At mifffiLTG a Nflf|6 5 : ftMWic$'&'£><, Miti 
LfcGaNM6 5®{Cli, (Ti) -T;i/^ (A 

1) ©nS®fS7 4&7£A!fcU pM©GaNM7 3±lC 
(Ni) (Au) ©pM3®^7 5S:^ 
f « me (d) ) . 
[0 13 8] @6lC5VrU-if#B§T*te, 3J®tCn§l!S 

So 

[0 13 9] 1J-7r>fTi:GaN^^i*i:liiie 

rnvtz u-4?im<D#m%5. ^-it^miz* mm- 
[0140] 3*uc*fu xm&wx-im&xmty* 

V>GaNI6 5%m<f&M-f2>ZttfX%2>tztb, V7 
747mL^X9imt:miLX%G aN 6 S±lZfc 

f&i,tzG a N^^f*© i/— wmiziwm\t*<* £ 
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[0141] *m&MT*tiL GaNl65±iC 1/— if— 
$M&LT^£>, -b-7r-rT^5 1, GaNjg6 
2, Si0 2 V** 6 3 MgLfctf, U-if-#ig$: 
im?Z>M\Z4)-7T47WRG 1, GaN|g6 2, Si 
0 2 V** 6 3 &W^LTt;|l^^*W^^5„ 

[0 14 2] Sfefc, ^HJgMT'^ •b-7T-1'T®E6 10 
l s GaNl62, Si0 2 V* * 6 3 33J: 
tfGaNB|6 5©-S|SMgLT> nM©®fI£^L 

[0 14 3] 

&zm?ztT% j&g-rs 1 1 1 -vmtism^mfom 

for, #$£iElc±3i!£ll&ffivvm& rcD±tcfl5 

[mffi©ffi#^fire] 

[mi] 1 1 1 - vmti^^ft<DBjm& 30 

[02] AlGaNi/!!«3^cMgAl2 O4 g 
fllfcfcy Vf K5>f KV P ESsfeffiwr, G a NR&gft 
1-SiacD«HSIllT*fe«>„ 

[H3] 3«k»k:xi>* *isvjif&&-f&f&-mm(m 

««:?B«L&a6R±K:«*BSW8SS:fflv%T I I I - V«? 

[®5] t&mnmmmit 2\mvMbTM&LtzG 
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[06] «©^S&ffi^T^LtG a NEh 

tec a Nft¥mfa is-v-m&&mtt&3M<oimm 

1 1 m& 

1 2 asfiaygatstifc 1 1 1 -vmb&wmvm 

13 in -vffit^mmftz&&2it&}£mm 

l 4 v;*^ 

1 5 xhf#^>wi,j&gLfc I I I -VWAtismym 

16 III - VMt-£m?mfc(D 771>V hffi& 

2 1 (OOODIffl^T'fTSi 
22 GaN$[ 

2 3 

2 5 iW^r^M^ltGaNi 

3 1 (lll)I©MgAl 2 O4 Wt$L 

3 2 lAimCDGaNm. tfcteA 1 G a NH 

32 wsLh\zm^tvt=.m&mm 

3 3 SS±fC^LfeSi0 2 lOY^i' 

3 4 xlf**S/*;i/jaS£LfcGaN/ty77» 

3 5 /\-f K^-Y KV P E&T'J&gbfcG a Njg| 

4 3 YX? 

44 &mm 

5 1 (0 0 0 1) ®<Z)if7r-<TSffi 
5 3 fl©VX^ 

54 mi<Di$mm 

55 fUCDGaNjf 

5 6 mzo&mm 

5 7 ^2<DV^.^ 

5 8 g2©GaNS 

6 5 nlGaNl 
6 6 nlGaNl 

6 7 nlHAlo.l5Gao.85N^7»i' hM 

6 8 nS^GaNfttf-Y KJI 

e 9 1 omm<z&nm&m*wmmm 

7 0 pH!Alo.2Gao.8N^ 
7 1 pS!GaN3tt*r>f K* 

7 2 pll!Alo.i5Gao.85N^5>j; 

73 P^GaN3>#*Hi 

7 4 Ti-A10nlli 

7 5 Ni-AuGDpS®fI 



(14) 
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u.sa 
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